O fungo Penicillium sp foi isolado do córtex das raízes de Melia azedarach após a esterilização da superfície de seus tecidos e foi cultivado durante três semanas sobre arroz previamente esterilizado. Um novo meroterpeno, denominado austinoneol, e os meroterpenos já conhecidos 7-β-acetoxi-dehidroaustina, neoaustina e de-hidroaustina foram isolados do extrato metanólico desta cultura. Suas estruturas foram identificadas através de extensivos estudos espectroscópicos, principalmente RMN 1D e 2D, que permitiram ainda a revisão das atribuições de sinais para alguns dos meroterpenos conhecidos.
Introduction
Increasing interest has recently focused on the biology and chemistry of endophytic microorganisms. 1 These organisms live in a very intimate association with plant tissue and may also be present at the cell level. 2, 3 Endophytic fungi can produce compounds similar or even identical to those produced by the host plant. Some of these microorganisms, isolated from the Pacific Yew tree (Taxus brevifolia), have shown ability to produce paclitaxel (Taxol TM ), an anticancer diterpene formerly obtained from the host plant in artificial culture medium. 2, 3, 4 Other paclitaxel-like diterpenes have also been produced by endophytic fungi. [5] [6] [7] The production of gibberelic acid derivatives by fungi [8] [9] [10] and trichotecene macrocyclic lactones by the female plant Baccharis megapotanea 11 are further examples of results of this intimate association between plant and fungi. These ecological-biochemical phenomena have been tentatively explained by a possible plasmid exchange between the associated organisms. 12 The expression of these genetic exchanges would result in the codification of specific enzymes responsible for the transformation of substrates and the production of interesting secondary metabolites. 13 In general these compounds show insecticidal and antimicrobial activities. 2, 13 Our group has been studying the chemistry of microorganisms associated with Meliaceae plants. Over thirty different fungi have been isolated from the leaves, stems and roots of Melia azedarach.
14 This plant is a good producer of limonoids, which are important insecticidal agents with very complex molecular structures. 15, 16 This paper reports our chemical investigations of the fungus, identified as Penicillium sp, cultivated on sterilised rice. The molecular structures of the compounds identified by extensive spectroscopic studies resemble, in part, the structures of some limonoids.
Experimental

General procedure
Optical rotations were measured on a PERKIN ELMER 241 polarimeter. UV spectra were obtained in CH 2 Cl 2 solution on a HEWLETT PACKARD 8452-A spectrophotometer, and IR spectra were measured with a BOMEN MB-102 spectrophotometer in KBr pellets. HREIMS measurements were carried out on a VG-AUTOSPEC spectrometer, and electron impact was used as ionization mode. Low-resolution APCIMS data were acquired in positive ion mode, using a MICROMASS QUATTRO-LC instrument equipped with an ESI/APCI "Z-spray" ion source. 1 H and 13 C NMR experiments were recorded on a BRUKER DRX-400 spectrometer with CDCl 3 as the solvent and TMS as the internal standard.
Plant material
Cortex roots of Melia azedarach were collected at campus of the Federal University of São Carlos, São Carlos, Brazil. A voucher specimen has been deposited in the Herbarium of Department of Botany at the University.
Isolation of the microorganisms
The general procedures adopted followed the methodology described by Petrini et al. 17 Immediately after collection, the root bark was separated mechanically from the xylem and washed with water and then with ethanol, and sterilised with 11% aqueous sodium hypochloride for 1 minute. The sterilised material was deposited on a Petri dish containing PDA (potato-dextrose-agar) and incubated in the dark at 25 o C for one week. Penicillium sp was isolated by replication and grew as a bluish colony. The fungus was identified and deposited (LaBioMi 024) at the Laboratório de Bioquímica Micromolecular (LaBioMi), São Carlos, Brazil.
Rice culture of Penicillium sp and isolation of the meroterpenes
50 Erlenmeyer flasks (500 mL), containing 90 g of rice ("Uncle Ben's") and 75 mL of distilled water per flask, were autoclaved twice at 121 o C for 40 min. A small disc of the PDA medium from the Petri dish containing mycelium of Penicillium sp was transferred under sterile conditions to 47 Erlenmeyer flasks containing sterilised rice. Three flasks were kept for control purposes. After 20 days of growth at 25 o C, the water, which had accumulated in the flasks, was separated by gravity filtration from the fungal biomass. Methanol (150 mL) was added to each flask and allowed to stand for 5 h; after then it was filtered by gravity. The methanol was evaporated under reduced pressure, producing a yellowish residue (6g), which was subjected to a low-pressure silica gel CC eluted with n-hexane, dichloromethane and methanol gradient. The medium polarity fractions eluted with dichloromethane:methanol (9:1) were reiteratively chromatographed in TLC preparative eluted with n-hexane:ethyl ether (1:9) and the meroterpene Austinoneol (4) and other meroterpenes were finally purified by recrystalization from methanol as a white powder.
Bioassay
The minimal inhibitory concentrations (MICs) were determined by microbroth dilution assay as recommended by the Subcommittee on Antifungal Suscetibility Testing of the US National Committee for Clinical Laboratory Standards (NCCLS). The assays were performed on 96-well plates with 100 µL of Mueller Hinton Broth (MHB), 100 µL of test compound and 5 µL of test bacteria at 1.0 x 10 7 UFC mL 
Results and Discussion
Meroterpenes 1-3 produced spectral data similar to those shown by austin (5) which was one of the first meroterpenes isolated and identified from Penicillium cultures. 18 Due to their relatively high structural complexity, these compounds have been identified mainly by single crystal X-ray diffraction analysis. 18, 20 NMR data, which has been used only for identity confirmation, has not been carefully studied yet.
1 H and 13 C NMR data for six meroterpenes, including acetoxydehydroaustin (1), neoaustin (2), dehydroaustin (3) and austin (5), were reported recently. 18 Although most of the physical and spectral data collected by us were in good agreement with those reported for 1-3, 18 some ambiguous chemical shift assignments were clarified by our 2D NMR studies. The HMBC experiments detected long-range correlations of H-13 with the C-5 and C-10 carbons and of H-1' with the C-2', C-3'and C-7' carbons. These correlations, as well as those shown in Figure 1 , were decisive to know the correct position of the two exocyclic methylenes which had improved the data published in the literature. 20 In addition, the 13 C NMR and HMBC experiments allowed the correct attribution of chemical shift assignments for C-5, C-7, C-8, C-7', C-8', CH 3 CO, as shown in Table 1 . Correlations are observed between H-7 and H-1 (Figure 2 ) in the NOE studies, which confirmed the acetyl group at C-7 in a β configuration. Thus, the structure of compound 1 corresponds to 7β-acetyldehydroaustin. C NMR data obtained for compound 2 were similar to those described in the literature 18 for neoaustin, but some inconsistent chemical shift assignments were found. The correction of these data came from the 1 H- 13 C long-range couplings and NOE experiments observed for 2. The assignment of the methyl groups, diastereotopic methylene hydrogens and vinylic hydrogens derived from these experiments are summarised in Figure 2 , which indicates how the NOEs observed allowed the spatial relationships among the hydrogens along the top and bottom faces of the molecule to be traced. These data are the known meroterpene Neoaustin (2), a cyclopentanone precursor of the other meroterpenoids δ-lactones. Compound 3 showed 1 H and 13 C NMR (Table 1) and other spectroscopic and physical data identical to those reported for dehydroaustin, 18 which was also elucidated by X-ray crystallography. 20 The stereochemistry of 3 was attributed by NOESY technique and a molecular 3D-shape was suggested (Figure 2 ), being consistent with those published data. + at m/z 415, respectively, from which the molecular formula C 24 H 30 O 6 (calc. 414.20423) was established. The IR spectrum indicated the presence of a hydroxyl group at 3413 cm -1 and carbonyl groups at 1727,1749 and 1704 cm -1 (which suggested agreement with other data), the presence of cyclopentanone, carbomethoxy group, and α,β-unsaturated-δ-lactone, respectively.
The 1 H NMR spectrum of 4, analysed with the aid of 2D NMR data (COSY, HMBC), showed the presence of four singlets for tertiary methyl groups at δ 1.23; 1.33; Hz, H-2) was detected for an α, β-unsaturated-δ-lactone .
The HMBC experiments detected long-range correlations of Me-13 with the C-5, C-9 and C-10 carbons and of H-1' with the C-3'and C-7' carbons. These correlations, as well as those shown in Figure 1 , were decisive for the positioning of the exocyclic methylene and the unsaturated δ-lactone.
A comparison of the NMR spectra and IR spectra of 4 with the other meroterpenes indicated that compound 4 does not have the two γ-lactone groups (1757 and 1739 cm -1 ), which are present in compounds 1 and 3, indicating that the difference between them was the presence of an additional ketone (1727 cm -1 ) and hydroxyl groups (3413 cm -1 ) in 4. A long range correlation for H-4' (δ 3.68) with C-9' (δ 19.8) and with C-6' (δ 210.4) ( Figure  1 ) was detected in the HMBC spectrum. In addition, the Me-9' (δ 1.33) shows HMBC with the carbon at δ 82.7 (C-4'). Thus the keto group was located at C-6' (δ 210.4).
Final elucidation of the structure came from the 1 H-13 C long-range couplings and NOEs experiments (NOE-Diff, gNOESY) observed for 4. The assignment of the methyl signals, diastereotopic methylene hydrogens and vinylic hydrogens derived from the results of differential NOE studies. Irradiation of H-1 (δ 6.42 d) resulted in the enhancement of the dublet at δ 6.03 ppm, which must therefore be the H-2, and the multiplet at δ 2.34, corresponding to H-7α. This confirmed the configuration at spiro carbon C-5. Irradiation of 5.01 ppm (H-1'a) resulted in the enhancement of the Me-12 at δ 1.40 ppm and the methoxyl group at δ 3.70 ppm, indicating that the carbomethoxy group should be in a β-configuration. Irradiation of the methyl signal at 1.33 ppm (H-9') caused an enhancement of the H-4' signal at δ 3.68, and this corroborated with the α-orientation for C-4'. Finally, irradiation of the signal at δ 1.40 (H-12) led to an enhancement of the H-1a, H-11β and H-7β signals, at δ 5.01, 1.98 and 1.74, respectively. These results are summarised in Figure 2 . These data indicated that this new meroterpene, named Austinoneol (4), is a possible biosynthetic intermediate to austin δ-lactones group.
The antibacterial activity of 7-β-acetoxydehydroaustin (1), neoaustin (2) and dehydroaustin (3) was examined in the presence of Escherichia coli, Staphylococcus aureus, Pseudomonas aeruginosa and Bacillus sp. Compounds 1 and 2 exhibited bacteriostatic effects only for E. coli at dosages of 250 µg mL -1 and compound 3 did not show any effect on the microorganisms tested. Compound 4 has not been tested yet.
Conclusions
The fungus Penicillium sp was isolated from a host plant (Melia azedarach), which is a well-known limonoid producer. 21 The α, β-unsaturated-δ-lactone present as part of a spiro system in the A/B rings of meroterpenoids 1, 2, 3 and 4 is similar to the partial structures of some limonoids (see 6, and 7). 22, 23 The main reactions involved in limonoid biosynthesis are Baeyer-Villiger-type oxidation and structural rearrangements. 22 These reactions can be used to tentatively explain the origin of the spiro system present in the meroterpenoids (Austin's derivatives). 23 The similarity found in these two classes of secondary metabolites may be due to the presence of the same or very similar enzymatic system in the fungus and the plant. This may have resulted from a lifetime of intimate biochemical association.
